There is renewed interest in the functional role of oscillatory brain activity in specific frequency bands, investigated in humans through electroencephalography (EEG) and magnetoencephalography (MEG) recordings. In parallel, there is a growing body of research on noninvasive direct stimulation of the human brain via repetitive (rhythmic) transcranial magnetic stimulation (TMS), and on those frequencies that have the strongest behavioural impact. There is, therefore, great potential in combining these two lines of research to foster knowledge on brain rhythms, in addition to potential therapeutic applications of rhythmic brain stimulation. Here, we review findings from this rapidly evolving field linking intrinsic brain oscillations to distinct sensory, motor and cognitive operations. The findings emphasize that brain rhythms are causally implicated in cognitive functions.
There is renewed interest in the functional role of oscillatory brain activity in specific frequency bands, investigated in humans through electroencephalography (EEG) and magnetoencephalography (MEG) recordings. In parallel, there is a growing body of research on noninvasive direct stimulation of the human brain via repetitive (rhythmic) transcranial magnetic stimulation (TMS), and on those frequencies that have the strongest behavioural impact. There is, therefore, great potential in combining these two lines of research to foster knowledge on brain rhythms, in addition to potential therapeutic applications of rhythmic brain stimulation. Here, we review findings from this rapidly evolving field linking intrinsic brain oscillations to distinct sensory, motor and cognitive operations. The findings emphasize that brain rhythms are causally implicated in cognitive functions.
Basic organizing principles of brain rhythms: a brief introduction Rhythmic activity is a fundamental property of neural elements and is organized in complex patterns depending on the state of the brain (e.g. sleep or awake) and on the task that is currently being executed. It can be recorded non-invasively from the scalp of human participants by electroencephalography (EEG) or magnetoencephalography (MEG) and many of the oscillatory components of EEG and MEG signals have been attributed a role in a variety of brain operations, including aspects of perception, cognition and action. One of the organizing principles of rhythmic activity is synchronization of oscillations across neuronal elements. This can occur locally between neurons within an area or over longer distances between areas within a wider network (e.g. see Refs [1] [2] [3] ). Another characteristic of rhythmic brain activity is its frequency (for frequency bands used to classify brain oscillations see Glossary). Brain oscillations range from 0.05 to 600Hz [4] , with slow wave activity being associated with sleep and faster oscillations with the awake state. Oscillatory activity in specific frequency bands has, therefore, been related to distinct functions. In terms of perception, for instance, g-oscillations (30-100Hz) have been linked to perceptual grouping and maintenance in visual memory (e.g. see Ref. [5] ). In contrast, the slower u (4-8Hz) and aoscillations (8-14Hz) have been related to interregional, long-distance interaction for control of lower-level by higher-order areas [6] [7] [8] or for unification of cognitive operations through phase-coupling with other frequency bands [9, 10] , besides more local processes (see later).
Despite recent advances, the functional meaning of these frequencies and their interaction remains a field of intense research. Here, we illustrate how the combination of EEG with rhythmic brain stimulation (i.e. transcranial magnetic stimulation [TMS] or transcranial alternating current stimulation [tACS]) (Box 1), which is now feasible through recent technical developments (e.g. see Refs [11, 12] ), holds promise for advancing our understanding of the brain rhythms underlying cognition.
Analogies between EEG-, MEG-and TMS-research on rhythmic brain activity: added value of combining these techniques There is renewed interest in ongoing oscillatory brain activity in the absence of any stimulus input or motor output as an index of the internal state of the brain, and linked to it, the extent to which features of this ongoing activity have predictive power for subsequent sensory experience or cognitive processes (e.g. see Ref. [13] ). This interest in how the internal state of the brain shapes forthcoming perception and cognition transpires many fields in neuroscience (for a recent review see Ref. [14] ). Within this framework, accumulating EEG and MEG evidence has allowed for investigations of the relationship between the spectral content of oscillatory activity immediately before the appearance of a visual stimulus and its perceptual fate both in man [8, [15] [16] [17] and monkey [18] . This approach has attracted much interest as it provides a means to address the question of the extent to which fluctuations in pre-stimulus (baseline) activity represent Review Glossary Electroencephalography (EEG) and magnetoencephalography (MEG): noninvasive electrophysiological recording techniques that sample ongoing electrical brain activity, which oscillates at various frequencies, through electrodes or sensors placed over the whole scalp. Frequency bands used to classify brain oscillations: d: delta (0.5-4Hz), u: theta (4-8Hz), a: alpha (8-14Hz), b: beta (14-30Hz), g: gamma (30-100Hz), fast (100-200Hz) and ultra fast (200-600Hz). Transcranial magnetic stimulation (TMS) or transcranial alternating current stimulation (tACS): techniques that allow for non-invasive rhythmic stimulation of the human brain at specific frequencies, such as those that can be recorded via EEG and MEG. Corresponding author: Thut, G. (g.thut@psy.gla.ac.uk).
noise or carry functional meaning. By linking local, prestimulus spectral content to performance of specific aspects of a task, the approach can also provide new information on potential functional specificity of brain rhythms. The finding of such links would be suggestive of rhythmic activity conditioning perception and cognition, as compared to merely being a by-product of the underlying mechanisms (e.g. see Ref. [4] ), that is, of pre-stimulus brain activity causally shaping and not only correlating with upcoming perception.
Similar to the aforementioned EEG and MEG studies, there is a long tradition of research on rhythmic brain stimulation via TMS [19, 20] , and more recently tACS [21] , to modulate ongoing neuronal activity locally and thus to condition behaviour. Although stimulation with frequencies such as 5Hz (within u-band), 10Hz (within a-band) or 20Hz (within b-band) seems to have a similar (temporary excitatory) outcome, these effects have mostly been investigated in the context of clinical use of repeated trains of rhythmic TMS (e.g. see Ref. [19] ). Only a few studies have explored the effects of potential frequency 'entrainment' during or shortly after a single train of rhythmic stimulation, showing frequency-specific effects on perceptual or cognitive task performance [22] [23] [24] .
Combining research on brain rhythms by EEG, MEG and rhythmic brain stimulation is therefore promising in several ways. On the one hand, the combination can provide a more in-depth picture on how brain oscillations relate to cognitive activities. In particular, it allows not only for an anatomofunctional mapping of oscillatory brain activity but also can provide new information on the nature of the link between brain rhythms and cognition (causal vs. correlative). On the other hand, the combination has the potential to give way to new ideas on how to interact with neural elements and networks in their own way of communication (i.e. through inducing oscillations) with the aim of manipulating functions. Here, we review new findings on these aspects that start to emerge from combined TMS-EEG studies. Because many of these studies have yielded results on the a-frequency band [22, [25] [26] [27] [28] [29] [30] [31] , which is the most prominent rhythm in the awake state in terms of amplitude (strongest over posterior and central scalp recording sites overlying occipito-parietal and sensorimotor areas), there is an emphasis on this rhythmic activity throughout this review.
Do specific frequencies reflect specific functions? aoscillations and the regulation of cortical excitability versus inhibition Recent EEG and MEG research has identified posterior aoscillations, recorded before a visual event, as a predictor of the perceptual fate of the stimulus [8, [15] [16] [17] . More specifically, the amplitude of a-oscillations over occipito-parietal sites is inversely related to perception of the forthcoming visual event [8, [15] [16] [17] (Figure 1a ) with enhancement of apower being observed under conditions requiring suppression of task-irrelevant visual information [32] [33] [34] [35] . Based on these findings, posterior a-band changes have been proposed to have a role in perceptually relevant tuning of occipito-parietal areas in the anticipation of visual events (e.g. see Refs [16, 17] ), serving the regulation of the incoming flow of information along the dorsal stream. This is likely to go along with changes in receptivity within these areas [16] , possibly by modulating signal-gain control of the forthcoming visual input [17] .
Box 1. Rhythmic brain stimulation
Transcranial magnetic stimulation (TMS), illustrated in Figure Ia , is an instrument that can be used to investigate the brain-behaviour relationship and explore the excitability of different regions of the brain.
The technique involves delivering a brief, single, high-intensity magnetic pulse to the head through a coil. This induces electrical currents in a focal area underneath the coil, which interacts with ongoing activity in the neural tissue. These brief currents can transiently influence behaviour by producing excitation or inhibition of the stimulated cortical area [74] . Technical development has made available devices that are capable of delivering several pulses in rapid sequence up to 100Hz (repetitive TMS [rTMS]). rTMS offers the opportunity to interact even more effectively with cortical activity. It has been shown that by using rTMS it is possible to transiently modulate neural excitability, with the net effect depending on the stimulation frequency. Usually, low frequency (1Hz) results in inhibition, whereas high frequency stimulation can result in excitatory changes in the stimulated area [19] .
A recently introduced technique called transcranial alternating current stimulation (tACS) ( Figure Ib) involves applying weak electrical currents to the head. The currents generate an electromagnetic field that modulates neuronal activity. Electrical stimulation is delivered with a battery-driven stimulator by means of a large electrode located on the area of interest and a reference electrode that is placed over a neutral area. Current research indicates that tACS entrains specific EEG frequency bands and induces phenomena specifically connected to the functions of the stimulated region and its oscillatory activities (i.e. tACS can interact with ongoing rhythmic brain activity in a frequency specific fashion) [24] .
Both these types of rhythmic brain stimulation could provide the basis to interact with or induce local oscillatory activity, serving as a tool to investigate the role of ongoing brain rhythms at different frequencies. Figure I . (a) TMS. When researchers operate a TMS coil near a participant's scalp, a powerful (2T) and rapidly (300 ms) changing magnetic field passes painlessly through skin and bone. Because the strength of the magnetic field falls off very rapidly with distance from the TMS coil, it can penetrate only a few centimetres and this means that only superficial areas of the brain are most effectively stimulated. The induced electric field causes electric current in nearby neurons, thus stimulating targeted regions of the cortex. (b) tACS. This method relies on application of alternating currents through an electrode. Electrical currents are applied constantly at low intensities (1 mA) over a period of time in the order of seconds, to achieve changes in cortical activity. The waveform of the stimulation is sinusoidal and different frequencies can be used during stimulation (up to 250Hz). causal link between oscillatory a-band activity and behaviour, illustrating the interest for combining transcranial brain stimulation and EEG-research to advance our understanding of brain rhythms. (a) Magnetoencephalography: participants were presented with near-threshold stimuli and asked to report their visual percepts, while oscillatory brain activity was recorded. Specific oscillatory signatures before stimulus onset were related to whether the stimulus was perceived or not (schematic representation). Perceptually relevant signatures were confined to the occipito-parietal recording sites (see map of spectral power difference) and to the a-frequency band (see spectral power curves). Low pre-stimulus power was predictive of hits, whereas high pre-stimulus power was predictive of misses. Adapted, with permission, from Ref. [17] . (b) Transcranial stimulation and Electroencephalography I: probing the excitability of the visual cortex via its direct stimulation through occipital single-pulse TMS (evoking sensations of lights, called phosphenes, without retinal input), while oscillatory activity was simultaneously recorded (schematic representation). Low a activity at the time of TMS was indicative of a highly excitable visual cortex (in terms of the likelihood of inducing phosphenes, black line, Phosphene-yes trials), whereas high-a activity was indicative of a less excitable cortex (red line, Phosphene-no trials). The perceptually relevant a changes were localized to occipital electrodes under the TMS coil opposite to the perceived phosphenes (see map, right-lateralized TMS). Adapted, with permission, from Ref. [25] . (c) Transcranial stimulation and Electroencephalography II: analogous to (b), but probing whether variability in motor cortex excitability (tested through the size of MEPs evoked by single-pulse TMS over the motor cortex) is linked to spontaneous a-band fluctuations (schematic representation). Rolandic a-band changes were inversely linked to motor cortex excitability (low a predicting high excitability and high a low excitability) (see left map), whereas other a components were unrelated (right maps). Adapted, with permission, from Ref. Recently, TMS-EEG studies have provided further support for this notion. Direct evidence for a link between local a-oscillations and local neuronal excitability has been obtained by directly stimulating the human occipital cortex via single-pulse TMS, while simultaneously recording EEG. Over posterior recording sites, spontaneous fluctuations of oscillatory activity have been shown to co-vary with the likelihood of occipital TMS to induce sensations of light (phosphenes) [25] (Figure 1b) , thought to result from early visual cortex (V1/V2) stimulation [36] . An inverse relationship between pre-TMS a-power and neuronal excitability in visual areas was observed. High a-amplitude over posterior sites indexed low likelihood of inducing phosphenes, and low a-amplitude a high likelihood, both over trials [25] (Figure 1b ) and across participants [26] .
In parallel, TMS-EEG studies have assessed the relationship between EEG fluctuations and the excitability of the motor cortex [27] [28] [29] (the latter derived from the size of peripheral motor-evoked potentials [MEPs] induced by TMS over primary motor cortex [M1]). In analogy to the aforementioned finding on a and TMS-probed visual cortex excitability, Sauseng et al. [27] revealed an inverse link between spontaneous fluctuations of a-power recorded close to the central (rolandic) sulcus and the peripheral MEP-magnitude (Figure 1c ) (corroborating Ref. [28] , but see also Refs [37, 38] for contradictory evidence). Instead of probing for a link between a and cortical excitability in spontaneous fluctuations, Brignani et al. [29] studied the co-modulation of oscillatory brain activity and TMS-probed cortical excitability after administration of a TMS protocol (1Hz-stimulation over several minutes) that is known to have an inhibitory impact on the excitability of the targetarea (e.g. see Ref. [19] ). Applied over left M1, this protocol resulted in local (left rolandic) a-power enhancement, which was correlated with a simultaneous decrease in TMS-probed M1-excitability (i.e. with the inhibitory impact of the 1Hz-protocol [29] ).
These TMS-EEG studies thus extend research on the arhythm by indicating that local a-amplitude carries information about the momentary (excitability) state of neurons within the dorsal processing stream. The findings show that up-and down-regulation of a, possibly involving top-down control, is likely to condition the cortex for forthcoming perception or action. This has added to a mounting body of information on the role of a-oscillations in attentional selection. Posterior a-power in retinotopically organized (visual) areas [34, 39] of the occipital and parietal lobes [40] is modulated by deployment of visual attention to specific positions in space, with a-power being downregulated in the hemisphere opposite to the attended location [7, 16, 35, 40, 41] and up-regulated opposite to the unattended portion of space [33] [34] [35] . Over posterior areas, the a-variations thus seem to regulate the flow of incoming information [17, 25, 26, 32, 42] , whereas over rolandic areas, modulation of oscillatory a-band activity might in addition be instrumental for the control of transforming perceptions or acquired sensorimotor memories into action [43, 44] .
Topography of brain-rhythms: are a-oscillations intrinsic to specific brain regions? If specific frequencies have specific functions, they should show some degree of topographic specificity. Over the scalp, the cerebral a-rhythm is predominant over posterior and rolandic sites (over rolandic sites alongside b-oscillations). It is modulated by sensory input or motor output and therefore thought to reflect the spontaneous rhythm of sensory and sensory-motor areas. In line with this view, it has been found to originate in calcarine, occipito-parietal and somatosensory cortex [45, 46] , generated through complex cortico-cortical and thalamo-cortical interactions [47] , although other cortical sources including auditory cortex, areas of the ventral visual stream [45] and mechanisms of generation exist (e.g. see Ref. [48] ). If topographically specific, the a-rhythm should be differentially affected by direct cortical stimulation via TMS, depending on stimulation sites. The following TMS-EEG findings support this view.
Applying single-pulse TMS to the motor cortex triggers transient neuronal oscillations in the a-and/or b-frequency bands [30, 49, 50] , with mixed results as to which band is more reactive (a-band in Ref. [30] ; b-band in Ref. [50] ). Importantly, the observed synchronization of neuronal activity was found to show topographic specificity because it was less strong in response to stimulation of dorsal premotor cortex than M1-stimulation [50] . It has been proposed that the induced oscillations emerge because of a reset of the stimulated area's spontaneous rhythm, thereby offering a unique approach to study the generation of oscillatory activity in the human brain [30, 49, 50] .
Additional information as to the topographic specificity of rhythmic a (and b) generators can be gained from post-hoc analysis of those TMS-EEG studies that investigated the EEG-changes in the minutes that follow administration of repeated TMS pulses (rTMS). Thus far, such rTMS-induced aftereffects have been quantified in a total of 14 studies (Figure 2) . A 'meta'-analysis points towards a consistent topographical pattern of frequency changes. Across the 10 studies that stimulated either M1 [29, [51] [52] [53] [54] , V1/V2 [55] or dorsolateral prefrontal cortex (DLPFC) [56] [57] [58] [59] , there is a bias for a-and b-oscillations to be affected more often after sensory or motor cortex stimulation than after DLPFC-stimulation (n=6/6 studies versus n=1/4 studies). Aftereffects in other frequency bands (d, u) are associated more often with DLPFC than sensory or motor cortex stimulation (n=3/ 4 studies versus n=0/6 studies). This differential distribution of aftereffects as a function of stimulation site and oscillations reaches statistical significance (according to a chi-square test: p<0.05), although it might partially be explained by a focus on the analysis of a and/or b-activity in M1 studies (but see Refs [51] and [58] for 'doubledissociations' of a-versus u-aftereffects after M1-versus DLPFC-stimulation). Note also that although stimulation with rTMS was focal, the observed effects were widespread, including many recording sites (Figure 2) , stimulation was applied at specific frequencies, namely at a-rhythmicity in darkness and b-rhytmicity in the light. This suggests frequency-specificity in terms of perception, and thus causal implication in function. Adapted, with permission, from Ref. [24] .
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Trends in Cognitive Sciences Vol. 13 No.4 which can be explained by volume conduction because of the known coarse topographic resolution of EEG. Yet, this finding could also have resulted from the rTMS effect spreading from the target site to functionally connected areas.
Of note is a recent TMS-EEG study that used, for the first time, two TMS coils to apply synchronous rhythmic stimulation at a-frequency over two sites [31] . The study revealed induced interregional coherence in the a-frequency range between the stimulated hand motor and visual cortices, as compared to unifocal stimulation [31] .
In conclusion, stimulating the cerebral cortex via TMS and studying what is triggered in terms of changes in brain oscillations can further advance our understanding of brain rhythms and their generation. In terms of a-activity, TMS-EEG findings so far indicate that a-rhythms can be entrained by TMS and reveal topographic specificity of this effect, although no cortical 'a-map' is firmly established.
Embedding in the cortical network: cortico-cortical interactions in the modulation of a-activity If the a-rhythm reflects oscillations of neuronal elements close to signal input-and output-stages as reviewed earlier, it should be adjustable through top-down control from higher-order areas involved in attention and movement control and thus depend on the integrity of these areas. Here, the combined TMS-EEG approach has provided new information by virtue of TMS over higher-order areas and the study of EEG-changes at remote, anatomically connected sites (akin to analogous TMS-studies on changes in evoked potentials [12] ).
Capotosto et al. (NaturePrecedings, doi:10101/ npre.2008.1563.1) have studied the network interactions involved in posterior a-changes during attention orienting in anticipation of a visual stimulus at pre-cued positions. TMS was applied over areas known to be involved in the control of visual spatial attention, namely frontal eye-field (FEF) and intraparietal sulcus (IPS). Both FEF-and IPS-stimulation led to a breakdown of Figure 2 . Aftereffects on brain oscillations following the administration of repeated TMS pulses. Stimulation of early visual (V1/V2) or primary motor cortex (M1) most frequently affected local oscillatory activity in the a-and b-bands [29, [51] [52] [53] [54] [55] , whereas stimulation of the dorsolateral prefrontal cortex (DLPFC) often interfered with oscillations in other bands [56] [57] [58] [59] . Aftereffects were widespread including effects on parieto-occipital a-oscillations after frontal and parietal stimulation [22] , rolandic a and b-activity after premotor cortex stimulation (PM) [60] and prefrontal g after cerebellar stimulation [63, 64] , illustrating possible network interactions. Abbreviation: IAF, individual a frequency.
the remote, asymmetric regulation of a-activity contralateral to attended versus unattended space. This suggests that anticipatory a-rhythms at posterior sites are controlled by signals from FEF and IPS and that disruption of this top-down control leads to suboptimal posterior oscillations.
Cortico-cortical and cerebello-cortical interactions in the generation of rhythmic activity have also been demonstrated by some of the TMS-EEG studies illustrated in Figure 2 . In line with what has already been mentioned, changes in posterior a-oscillations have been observed after either frontal or parietal TMS [22] . TMS to the lateral premotor cortex has been shown to affect rhythmic aactivity over ipsilateral rolandic, and to a lesser extent, over contralateral rolandic sites [60] . Because fronto-parietal networks are regulating sensory or motor areas for attentional selection [61] and motor control [62] through their functional interconnectivity, these effects on a are likely to have originated downstream to stimulation.
It is also of interest to note that cerebellar stimulation so far has been observed to induce aftereffects on g-oscillations at prefrontal sites, probably because of the functional connections from the cerebellum to the prefrontal cortex [63, 64] (Figure 2 ).
Rhythmic activity: epiphenomenal or causal manifestations of brain function? Do brain rhythms have a causal functional role or merely represent epiphenomenal manifestations of the processes underlying perception, cognition and action? Historically, the a-rhythm was considered to reflect a cortical idling state, and its prominent suppression during visual and motor tasks [45] a valuable (but epiphenomenal) manifestation of cortical activation. Today, there is a growing body of evidence for a-enhancement beyond baseline (idling) levels, speaking against this interpretation [65] . A more conclusive test is to use transcranial brain stimulation for rhythmic 'entrainment'. If, in terms of a-oscillations, prestimulus activity is causally shaping perception, stimulation at a-frequency for a-'entrainment' (but not at other frequencies) should lead to perceptual consequences during or immediately after stimulation. There is, indeed, emerging evidence for such a causal link, coming from studies on the behavioural consequences of rhythmic stimulation within physiological parameters [22] [23] [24] .
Rhythmic transcranial brain stimulation has been shown to selectively modulate perceptual processes as a function of stimulation frequency. In an innovative study on a-'entrainment', Klimesch et al. [22] showed that frontal and parietal TMS at individual a-frequency immediately before execution of a visual spatial task (mental rotation involving visual imagery and memory) affect task performance relative to stimulation in other frequency-bands. Using tACS, Kanai et al. [24] have shown that occipital stimulation most effectively induces phosphenes in darkness when applied at a-frequency, whereas in the light bstimulation was most effective (Figure 1d) .
Rhythmic entrainment via transcranial brain stimulation has also proven to selectively affect declarative memory consolidation. During sleep, oscillatory activity at low frequencies (<4Hz, slow wave activity) has been linked to overnight consolidation of memories because local changes in sleep slow-wave activity occur after day-time learning, and correlate positively with post-sleep performance improvement [66] . In line with a causal role of sleep slow-waves in memory consolidation, nocturnal TMS at <1Hz leads to enhanced slow wave activity in addition to deepening of sleep [67] , and nocturnal tACS used with a DC-shift at slow wave frequency improves memory consolidation [23] (see Ref. [21] for more details regarding this stimulation protocol, nominated transcranial sinusoidal direct current stimulation [tSDCS] in Ref. [21] ).
Thus, stimulation at physiologically meaningful rhythms has domain-specific effects on cognitive activities, which supports causal implication of cortical rhythms in cognitive function. Although TMS-EEG work so far has focused on a subset of brain rhythms and perceptual or cognitive processes, the various ways of using the TMS-EEG combination illustrated here are transferable to research on other oscillations and cognitive functions, as long as their generators are accessible via TMS. Many EEG-and MEG-studies have established links between oscillatory activity and higher cognitive activities other than those reviewed here. For instance, frontal midline u activity has been identified as a correlate of working memory maintenance, of episodic memory encoding and retrieval (for review see Ref. [68] ) and of emotional regulation (e.g. see Ref. [69] ). Others have linked frontal a-activity with insight problem solving [70] and specific electrographic signatures (e.g. long-range g-synchronization) with access of information to consciousness [71] . A causal link between many of these rhythmic brain activities and their presumed functions remains to be elucidated.
Box 2. Questions for future research
The bulk of the reviewed literature has focused on a-power, its link to perception and action, and modulation through brain stimulation. Taking into account phase-information and post-stimulus periods in future research is likely to provide further crucial information on the function of a-rhythmicity [10, 65] . It is unknown how the reviewed a-fluctuations relate to other oscillatory changes in sensory selection, such as those of higher (g) [18] or lower (d) frequencies [75] . It remains to be seen whether entraining specific oscillations such as posterior a by rhythmic brain stimulation could be helpful to promote neurorehabilitation. For example, because hemispatial neglect patients show asymmetric receptivity of otherwise intact sensory cortices [61] , it is conceivable that these patients would profit from rhythmic entrainment over sensory areas to bias perception in desired direction. Although less prominent, a-generators exist outside occipitoparietal and rolandic sites [45] . Their topographic origin (e.g. frontal a) or their function (e.g. proposed implication in inhibitory control [65] ) could be specifically tested by either a-resetting through single-pulse TMS or by rhythmic entrainment protocols over these areas. Although rhythmic stimulation at frequencies <30Hz (slow wave, a and b) modulate performance [22] [23] [24] , it is unknown whether the techniques that are available for non-invasive brain stimulation in humans can also entrain g-oscillations in a physiologically meaningful pattern. Further empirical work is required to elucidate the role of brain oscillations in other aspects of higher cognitive functions, such as working memory, memory encoding and retrieval or consciousness [2, 3] .
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Trends in Cognitive Sciences Vol. 13 No.4 Rhythmic entrainment: the interest of biasing function in desired directions Could the previously mentioned findings lead to new implementations of rhythmic TMS as a tool in therapy and neurorehabilitation? Several investigations indeed indicate that interacting with cortical activity, by means of rhythmic transcranial stimulation, can positively influence cognitive performance of patients affected by disorders such as aphasia, unilateral neglect or dementia [72] . The modification of cortical activity for an adequate period of time through the use of rhythmic stimulation might adjust a post-lesionally established, but behaviourally maladaptive pattern of brain oscillation, and thus provide an opportunity for inducing a new balance within the affected functional network. The data reviewed here indicate that by pushing the network towards a new pattern of activation through restoring adequate synchronization, improvement of sensory and motor disorders or cognitive functions could be achieved. In line with this view, it has been demonstrated that neurofeedback training to enhance a-oscillations generated in the auditory cortex (i.e. the tau-rhythm [45] ) can help to reduce auditory sensations in patients suffering from tinnitus [73] , possibly by locally enhancing inhibitory processes. Future brain stimulation (TMS or tACS) and EEG research should go hand-in-hand to further elucidate these and other outstanding questions (Box 2).
Concluding remarks
We have reviewed the evolving field of TMS-EEG research from which new insights into brain rhythms emerge. We have shown that the TMS-EEG combination is particularly promising and well suited to address several open questions on the generation and functional role of brain oscillations. This field has provided so far novel information mostly on the a-rhythm, namely on its role in perceptually relevant tuning of occipito-parietal areas, on its origin of generation in sensory-motor regions and top-down modulation through higher-order areas. This is in line with the rapidly progressing understanding of this frequency's role in attentional selection. Overall, the findings emphasize that the frequency of neural discharges is not merely epiphenomenal. Extracting meaning from ongoing brain oscillations in the intact human brain and on the potential of rhythmic stimulation to selectively entrain frequencies in selected patients for restoring brain function will be a challenging field of research for years to come.
